A pickle bamboo shoot is a top marketing product in the East of Thailand, especially Prachin Buri province. Vinegar (acetic acid) and sea salt (NaCl) are added during pickle bamboo shoot productions to preserve the color and texture. These high acidity (pH 3-4), high salt concentration (6.0%) and dark-brown color of the pickle bamboo shoot wastewater (PBSW) lead to the difficulty for bioremediation of PBSW treatment. Rhodopseudomonas palustris TN1 was capable of surviving in 3.0% (w v -1 ) NaCl medium and produce hydrogen under anaerobic-light condition. The Aim of this study is to investigate the ability of biohydrogen production in the PBSW by TN1, the effect of initial pH (6.5, 7.0 and 7.5) and light intensities (1,000, 3,000 and 5,000 lux) were performed under anaerobic-light condition. The hydrogen content in biogas using wastewater as the medium was found to be 98.51%. The optimal condition for the highest hydrogen production was pH 7.12 and light intensity of 3,200 lux at room temperature (30 ± 2ºC) giving hydrogen 73.84 ± 7.12 mL L -1 and dry cell weight (DCW) of 5.49 ± 0.67 g L -1 within 72 hrs. In conclusion, TN1 can consume the PBSW as a carbon source to produce hydrogen.
Introduction
Presently, natural energy resources e.g. coal, natural gas and fossil fuel are largely utilized to support global economic growth [1] , [2] . However, it will be gone within 20 years as predicted by the OPEC's energy source decreasing. With respect to this crisis, finding multiple alternative energy resources have been studied [2] - [5] . Hydrogen (H 2 ) is one of new environmental friendly resource as its combustion produces only water [1] , [3] - [5] Also, the high energy content of H 2 (122 KJ g -1 ) is comparable to the energy content of hydrocarbon fuels [5] .
Hydrogen can be produced by chemical processes via electrophoresis or pyrolysis and biological processes using cyanobacteria, algae, fermentative bacteria and photosynthetic bacteria [1] , [2] , [6] . Biological processes offer advantages over chemical process for hydrogen production such as mild operation conditions and specific conversions [5] . There are, however, many limitations for biohydrogen production including (i) the cost of media or raw material [5] , (ii) limitation of organic substances consumption by microorganisms, (iii) technology cost, and (iv) time consumption [6] . In the previous decade, the photosynthetic bacteria are favorable candidates for biohydrogen production because of its high substrate conversion efficiency and ability to use a wide variety of substrates to produce hydrogen [6] .
To reduce the impact of medium costs, agro industrial wastewater is easily obtained. It contains high organic compounds and also benefits in the wastewater treatment by producing sustainable bioenergy [5] . Photosynthetic bacteria has been deployed in order to produce biohydrogen in wastewater such as palm oil mill effluents (POME) [1] , tofu wastewater [7] , sugar refinery wastes [8] , straw paper mill effluents [8] , and distillery wastewater [5] . Pickled bamboo shoot wastewater (PBSW) from Prachin Buri, a province of Thailand, is one of these sources of wastewater. It has a potential for being a good substrate for hydrogen production because of the large amount of wastewater that is generated annually, and its high acetic acid content [9] . However, this wastewater contains high salt concentration (6%, w/v) that has the effect on bacterial cell growth and biohydrogen production.
There are several criteria for biohydrogen production by photosynthetic bacteria including the amount of organic load, pH, and light intensity. Photosynthetic bacteria use light for cell growth and hydrogen production. Photo-hydrogen production by photosynthetic bacteria is catalyzed by nitrogenase activity, which is depended on pH value [10] . Several researches indicated that pH has a considerable influence on both the specific hydrogen production rate and hydrogen yield [11] . Light intensity is also a very important factor in photosynthetic bacteria growth since photosynthetic bacteria convert light energy into chemical energy via anaerobic photosynthesis [12] . The hydrogen production system under variant light intensity than the optimal light intensity had resulted in a decrease in photosynthetic bacteria growth and hydrogen production rate [12] , [13] . The system needs to be properly monitored to understand the effects of these factors. To undergo these criteria, biohydrogen productions from PBSW using Rhodopseudomonas palustris TN1 under anaerobic-light conditions with various initial pH and light intensity at room temperature (30±2ºC) were studied.
Material and Method

Pickle bamboo shoot wastewater (PBSW) preparation
Pickle bamboo shoot wastewaters (PBSW) were supported by the local agriculturists in Prachin Buri province, Thailand. PBSW were clarified by filtration process using the whatman filter paper No. 4 and freeze at -20ºC until used.
Bacteria and culture medium
Pre-cultures of Rps. palustris TN1 were grown anaerobically at pH 7.0 and room temperature (30 ± 2ºC) in GA medium, which is basal medium modified by the addition of 5 mM glutamate as a nitrogen source and 20 mM acetate as a carbon source [1] .
PBSW was added 5 mM glutamate and trace elements according to Suwansaard et al [1] . Anaerobic conditions were established by flushing the sealed vials with argon gas. Both PBSW and GA medium were sterilized at 121ºC for 15 minutes by autoclave (Iwaki, ACV-3167N, Japan).
Optimization of batch conditions
Experiments were carried out by 25 mL vial bottles with working volume of 18 mL PBSW medium and 10% (v v -1 ) cells inoculum prepared by absorbent determination at 660 nm of 0.5. To investigate the effects of initial pH value (X 1 ) (pH 6.50, 7.00, and 7.50) and light intensity (X 2 ) (1,000, 3,000, and 5,000 lux) on cell growth and hydrogen production, 13 batch experiments (Table 1) were conducted by the central composite design (CCD) for 72 h cultivation time. The variables were coded according to equation (1) whereas a quadratic model (equation 2) was used to evaluate the optimization of environmental parameters and stepwise regression analysis.
( 1) where is the code value of an independent variable, Xi is a real value of an independent variable, Xi * is the real value of an independent variable at the center point of the experiment, and Δ Xi is the step change value.
where Y 1 is the expected response value predicted from the RSM of hydrogen production; bi, bj, and bij are the parameters estimated from regression results. The response variable (Y 1 ) was fitted using a predictive polynomial quadratic equation 2 in order to correlate the response variable to the independent variables. Regression analysis of hydrogen production was illustrated by Design Expert v. 9 (Stat-Ease., Inc., MN, USA) (trial version). The optimum levels of the selected variables were obtained by solving the regression equation and by analyzing the response surface plots. The quality of the fit of the quadratic model was expressed by the coefficient of determination R 2 and its statistical significance was checked by the F-test (Table 4 ). The confirmation of this experiment was conducted by the Design Expert v. 9 (Table 5 ). 
Analytical methods
The cumulative hydrogen yields were measured by a syringe technique for each test [1] . The hydrogen content of the biogas was measured using an Oldham MX-2100 gas detector (Cambridge Sensotec Ltd., England) [1] .
Cell growth was determined as dry cell weight (DCW) [14] . The initial cells concentration was adjusted to 0.5 at 660 nm absorbance, and then converted to dry cell weight using a relationship curve between absorbance values and dry cell weights.
The light intensity was measured using a digital lux-meter (LX-1010BS, China). The pH value was measured with a calibrated pH meter (Inolab pH, Germany).
Acetic acid was determined by GC-FID (HP 6850, Hewlett-Packard) using a Stabilwax ® -DA column. The flow rate of helium was 1.2 mL min -1 . The temperatures of injection port and detection port were 230ºC and 250ºC, respectively. The injection volume was 1.0 µL. The initial temperature of the oven was 70ºC for 1 min, followed with a ramp of 20ºC min -1 to final temperature of 180ºC and then held for 2 min [15] . Standard acetic acids were run in the same condition.
All experiments were studied in triplicate and data were expressed in average values. Statistical values were analyzed using ANOVA (SPSS statistic software version 16, USA).
Results and Discussion
Characteristic of PBSW
Physical and chemical properties of PBSW were studied (Table 2 ) before using as a substrate for hydrogen production by Rps. palustris TN1. It was found that PBSW was white with a lot of white sediments, sour odour, and initial pH of 3-4 with 6.0% salt (NaCl) concentration. Acetic acid concentration was 6.12 g L -1 used as a carbon source to produce hydrogen gas by Rps. palustris TN1 [1] . 
Optimization of hydrogen production from PBSW
Response surface methodology (RSM) is an efficient tool to create the relationship of the interesting variables with the obtained plots. The data analysis was done by fitting the experimental data in the smooth plot, which was plotted by calculation of the specific predicted plots. Therefore, RSM is more professionally than that of traditional design [15] . The effective variables in the hydrogen production from PBSW by Rps. palustris TN1 were optimized. The results of 13 experiments (Table 1 ) indicated that hydrogen gas was generated in the range of 20.81-75.21 mL L -1 . High hydrogen productions (58.22-75.21 mL L -1 ) were achieved at an initial pH of 7.00-7.50 and light intensity of 3,000-5,000 lux (trials 4, 5, 7-10 and 12). The maximum hydrogen production (75.21 mL L -1 ) was achieved under pH 7.0 and light intensity of 3,000 lux (trials 8). The lower initial pH (at 6.50) and the lower light intensity (at 1,000 lux) would cause the unsuitable conditions for cell growth (2.45 g L -1 ) (trials 1).
Light provides the energy supporting photosynthetic bacteria (PSB) growth.Therefore, optimal light intensity should be used to produce the highest hydrogen yield and make PSB cultivation economically sustainable [12] . In this study, the moderate light intensity of 3,000 lux was the optimal condition produced the highest of hydrogen gas (75.21 mL L -1 ) with cell concentration of 5.52 g L -1 (Table 1) . This result was contrasted to that of bacteriochlorophyll production for growth of Rhodopseudomonas sp., which was found that the optimal light intensity was at 500-1,000 lux and 8,000 lux [12] . Thus, hydrogen production and bacterial growth require an intensive light energy containing specific light wavelength depending on bacteriochlorophylls [13] . Moreover, hydrogen production by PSB is not only dependent on different optimal light intensities, but also on different light sources [13] . The tungsten lamp (used in this study) provides a variety of light wavelength that would be a suitable light source than a long-wavelength lightemitting diode (LW-LED) providing light wavelength ranges of 770-920 nm [13] because the maximum absorbance of bacteriochlorophylls of Rps. palustris TN1 were 380, 477, 504 and 807 nm [16] . However, the best light sources for the growth of Rps. palustris were reported to be LED blue (470 nm) [17] and LED red (650 nm) [18] . On the contrary, hydrogen production rate by Rps. palustris CQK was higher at 590 nm than at 470 nm or 630 nm [19] . Light wavelength ranges of 500-700 nm have more penetrates deeply into the cell suspension than others wavelength [20] . Thus, differences of PSB stains have different light intensities and different light sources as shown in Table 3 . To evaluate the influence of these variables on hydrogen production (mL L -1 ), the design matrix of experimental conditions with the corresponding accumulative hydrogen (Table 1) were subjected to regression analysis, generating the following quadratic equation: (3) where X 1 and X 2 are the actual values of the initial pH and light intensity, respectively ( Table 1) . The model presented a high value for the regression coefficient (R 2 = 0.98) explaining a 98% variability in the response. The adjusted determination coefficient (adjusted R 2 = 0.98) is very high, demonstrating a high significance of the model [15] . The ANOVA quadratic regression model demonstrated that the model was highly significant, as evidenced from the Fisher's F-test with a very low probability (P < 0.0001). In addition, a smaller coefficient of variation (C.V. = 4.85) indicated a high precision and reliability of the experiments [24] . The optimal conditions for maximizing cumulative hydrogen production, calculated by setting the partial derivatives of equation (3) to zero with respect to the corresponding variables, were an initial pH 7.30 and a light intensity of 3,000 lux. The maximum response value for the hydrogen production was estimated to be 89.05 mL L -1 . A dimensional and contour plot was based on equation (3) by varying the two variables within the experimental range (Figure 1 ). The main goal of the RSM is to unravel the optimum combination of variables in order to maximize the response.
The response surface of hydrogen production indicated that the amount of hydrogen increased with increasing initial pH up to 7.30 (Figure 1 (a) and 1 (b) ) and light intensity up to 3,000 lux (Figure 1 (a) and 1 (c) ), and would be decreased thereafter. The initial pH was an important factor concerning the deactivation of cellular enzymes in the acid culture medium affecting on depressed the processes of substrate consumption and electron transfer [6] . The optimum pH level for nitrogenase of the photosynthetic bacteria ranged from 7.1 to 7.3 [10] , which was similar result to that of this study. Therefore, the optimal pH of culture medium should be controlled at specific pH [6] , [11] . The cell growth and hydrogen production were also depended on the specific bacteriochlorophylls produced in each PSB's stains matching to the wavelength of light energy source [13] . As shown in the results, to maximize hydrogen production, the medium should be adjusted the initial pH close to neutral and set the light intensity a moderate level.
The significance of each coefficient was calculated by probability values, which are listed in Table 4 . The variable with significant effect on hydrogen production was the initial pH (X 1 ) (P < 0.05). It also showed that linear term of X 1 and all quadratic terms (X 2 1 and X 2 2 ) are significant (P < 0.05), demonstrating that hydrogen production required a suitable initial pH and light intensity for the highest hydrogen production. Three replicates of batch experiments were performed under the optimal conditions calculated by RSM ( Table 5 ). The confirmation experiments indicate that the experimental value of hydrogen yield (73.84 ± 7.12 mL L -1 ) was not significantly difference (P < 0.05) from its predicted value (75.67 mL L -1 ) with desirability of 1.00 (Figure 2 ). After optimization, hydrogen production slightly decreased compared with the central conditions, but it was not significantly difference (P < 0.05). 
